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REDUCTION OF ARTIFACTS IN A SCANNING DEVICE 

FIFl D OF J HF INVENTION 
This invention relates generally to scanning devices. More particularly, this 
invention relates to an apparatus and method to reduce artifacts generated in a 
scanning device. 

RArk:p;ROliND OF tmf INVENTION 
In scanning devices that move an object to be scanned relative to a 
fixed optical sensor, it is sometimes necessary to stop and then restart the 
n^ovement of the object before scanning of the object is complete. Stopping the 
movement of the object may be necessary because of memory capacity 
limitations or transmission bandwidth limitations between a host and the 
scanning device. The scanning device generates an electronic representation of 
an image on the surface of the object. The stopping and starting of the object 
can generate artifacts. These artifacts could appear as defects in the display of 
the scanned image. A need exists for a low cost and easily implemented 
system, and method for using this system, that will reduce the severity of the 
artifacts generated by the stopping or starting of the movement of the object. 

CMMMARV OF TH F INVENTION 
Accordingly, a method for using a scanning device, has been developed. The 
method includes decelerating an object from moving at a first substantially 
constant speed to a stop. The method also includes causing relative movement 
between the object and an optical sensor. The method further includes 
measuring reflected light from a first section of the object that moved past the 
optical sensor during decelerating the object. 

A system for reducing artifacts from scanning an object includes a movmg 
mechanism to selectively move the object at a first substantially constant speed 
during scanning. The system also includes a scanning mechanism including an 
optical sensor. The scanning mechanism is configured to selectively move the 
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.p.,ca, senior « . secor^ sub«,m.a»V co.s.a„, speed — 
„p«ca, sensor is oon«aured ,or .easu.ng — .ro. .he ob,e«. The 
: ste. .unhe, incudes . ccn„o„e, coupled ,o ,h. .ovln, n„echen,snn end ,He 
sinning meohanis.. The contrCe, Is oo„„aured ,o actuate , He ™v.n, 
^ZL .0 selectively n,ove the ob,ect. Th, controller Is also oon„«u,ed to 
^ soannin, .echanis™ to selectlvelv ^ve the optical sen^o. 
. soannin, device ,o. aene-atln. a dl„.a, representation o a ,n»=. » 
„,adla includes a scanning mechanlsn, including an op.«=al sensor. The scanning 

>s contlgured ,or selectiveiv ntoving s. a tirs, su.s,an.allv constant 
apaed during scanning. The scanning device <^^^-ZZ.^,, 

— — *\rte:::^^^^^ 

constant speed during scannmg. The scanning The controller 

coupled to the scanning .echanisn. and th, n»vlng ^ ^ 

IS configured to actuate the scenning mechanism to move the optica, senso 
rcloller is also contlgured to actuate the moving mechanism to move the 

media. 

ppc^^ppTinM OF THF DRAWINGS 

A more thorough understar^dlng of embodiments of the invention may be had 
J rio— of the foiiowing detai.ed description taKen in con.nct.on 
with the accompanying drawings In v.hich: , ^. „ 

Shov^ in Figure 1 Is a perspeCve view o. the scanner including an 

vi^^ 

J,„g at a suLntially constant speed, during acceleration, and during 
deceleration. ^ ^, ^ 3.„,„ 

^rmTv,: rsur ^^^^^^^^^^^ ~ — • 

and during deceleration. 
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SHo»n ,„ R«u.es 4A-4C ,s a <.>a,.a. — —to, an 

.0 R,ure 6 ,s a .v. «ow «,a. o, a se^nd ^.hod .o, 

reducing artifacts. 

T., ,„v,„«on . no. «ed ,o *a e«.p,a. e.bodin.e„« d,sc,oa^j *„ 
speomca«on. A«h„u,. *e reduction o, a.«.ac. be ■ * ^ 

=>n internal media feeding mechanism, it shouia db 

7;:::;:: . i -.n - — - - » 
::rr r .^.e a„ o.ao. ..... » «... . 

Shown .n input tray 12 holds an obieot to be 

scanning dav.ce, scanner 1 0. Media input y embodiment of 

^ „K media 1 4. Upon receiving a command from an emuoo 
scanned, such as media ^^^^^ , ^ ^^^^^^ 

a controlier, such as scanner controller 16. moto g 

echematically as a blocK wHh ^ 1 thereby 

„, motor and gear train 18 causes media dnve r^rs 20 ^^^^^ 

= '-^'"^ --^^ :r::r rirrm^Ing mechanism .3 
3„d motor and '^^ ^ „, « , aubstantiaiiy constant 

that moves media 14 across tr P specification, the term 

speed v.hen scanning is peHormed. As '^'"^ J ^, e values 

..uhstantiallv constant speed '^-^J^^Z: _e the speed to 

determined by all ^J^^^^Z^^^ If the moving mechanism .3 
rrirr,::::!:: .ova med,a . by receiving a command from 

'Trr:lrs.Oconti„uetorotat.m.,a.4.— 
transparent surface 22. As the leading edge of med>a 
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24 illumination device 26 included in scan head 24 illuminates the surface of 
media 14 facing transparent surface 22. Illumination device 26 is typically 
illuminated sufficiently ahead of scanning to allow stabilization of its optical 
output. An optical sensor, such as contact image sensor 28, included in scan 
head 24 measures the reflected light from the surface of media 14 when .t 
moves across transparent surface 22. This reflected light includes informafon 
for the image on the surface of media 14. 

Scan head 24, and the associated hardware necessary for moving scan head 
24 are included in an embodiment of a scanning mechanism 25. The 
embodiment of the scanning mechanism 25 can be actuated to selectively move 
scan head 24 (thereby moving contact image sensor 28) at a substantially 
constant speed when scanning is performed by receiving a command from 
scanner controller 16. The embodiment of the scanning mechanism 25 can 
move scan head 24 either in a direction media 14 moves through scanner 10 
during scanning or in a direction opposite to that media 14 moves through 

scanner 10 during scanning. 

comae, image sansor 28 include an array of «gh. sensing elements that 
each generates a charge related to the intensity o. light Impinging upon the l,gh. 
sensing element. Contact image sensor 28 further Includes the analog 
multiplexers, shift registers, and addressing logic necessary to generate output 
voltages corresponding tc the charges generated on the light sensing elements, 
scanner controller 16 indudes the hardware to generate the signals needed for 
accessing the light sensing elements in contact image sansor 28. In add,t.on 
scanner controller 16 includes the herdv-are necessary to conyar, the yoltages 
r«:eiy«l from contact image sensor 28 Into an electronic representation of the 
reflected light impinging upon contact Image sensor 28 from media ,4. Th,s 
electronic representation can be ,on^ of digital data generated by scanner 
controller 16 from the yoltages reoelyed from contact image sensor 28. 
Furthermore, scanner controller 16 Includes DBAt. fo, storing the dig tal data. 
Alternatiyely, the memory in scanner controller ,6 could include SRAM, n ye, 
another alternatlye. scanner controller ,6 could include a hard disK driye for 
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storing the digital data generated by scanner controller 16. 

Contact image sensor 28 is configured to measure the reflected light from a 
strip across the width of media 14. Media 14 is advanced at a substantially 
constant speed across transparent surface 22 by the embodiment of the moving 
mechanism 23. As media 14 advances across transparent surface 22. contact 
image sensor is continuously measuring the light reflected from media 14. 
Scanner controller 16 periodically accesses contact image sensor 28 to measure 
the voltages generated by the light sensing elements in contact image sensor 
28 The frequency with which scanner controller 16 measures the voltages 
output by contact image sensor 28 is set so that scanner controller 16 collects 
data for successive strips, with each of the strips contiguous with the strip 
following it and the strip preceding it. Digital data is generated from the voltage 
values collected by scanner controller 16. In this manner scanner 10 generates 
an electronic representation of the image on the surface of media 14 facing 
transparent surface 22 during scanning. After completion of a scan on media 
1 4, media drive rollers 20 move media 14 to media output tray 30. The 
electronic representation of the image on media 14 could be sent through 
interface 32 to computer 34 for further image processing and display, or 
printing. Alternatively, scanner 10 could send the data forming the electronic 
representation of the image directly to a printing or display device or, over a 
network to a computer, printer, or display device. 

If the movement of media 14 across transparent surface 22 does not stop 
during a scan, the resulting electronic representation of the image on media 14 
will not include artifacts resulting from the stopping and starting of media 14 
before completion of the scan. However, limitations in the memory included in 
scanner controller 16, or data transmission rate through Interface 32, or a 
combination of these factors, may make it necessary to stop the movement of 
media 14 before completion of the scan. To reduce hardware costs, the size of 
the memory included in scanner controller 16 and the maximum transmission 
rate of interface 32 may be limited. As a result, for scanners having this 
limitation, if the transfer of the digital data stored in scanner controller 16 
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,H,„u,h inter,.^ 32 to con,pu,er 34 c»nno, oocu, s, a su«io.n„v H,«h ™<e the 
™v,n..n, o. medl. U across transparan. aur.aoe 22 must ba stopp d ao that 
,h. digital data gana^tad by scannar cantrCler 1 6 can be stored. Anothar 
condition ,ha. may require stopping of madia .4 is a limitation in the aM,ty o, 
computer 34 to receive tl,a digital data transn^itted througi, interface 32. For 
example, the interface in computer 34 may no. be able ,0 receive the dig, a, 
data at a sufficiently high rat. to match ,ha transmission rata of scanner 10. 
Aner a su«iciant ouantity o, digital data has bean transferred from the memoiV 
in scanner controiler 1 6 through interface 32 to computer 34, the memorv pace 
created allows restarting o, the movement o, media ,4 for completing the scan. 

Because o, the mechanica, characteristics associated «lth the embodiment 
of the moving mechanism 23 (such as motor inertia, gear inertia, '^^J^' 
a Significant distance (significant raiativ. to the image resolution o. scanner 10, 
,s reguired for deceleration of madia 14 from the substantially constant speed 
auring scanning across transparent surface 22 to a stop. SlmilaHv^e s,gn ficant 
distance is also required tor acceleration o, media 14 from stopped o th 
substantially constant spead a. which scanning is nom«lly parfom,ed. 1 d,g « 

data is collected from contact imag or 28 during the period o, deceleration 

oncceleratlon of media 14, dlstor^ons in the digital data generated by fanner 
1 0 can result. During panods of aocelaretlon and decel«.tlon. less of the 
urf.ce of media 14 is scanned than is scanned when madia 14 is movmg a the 
stantlally constant spaed set for scanning. When the «.al data ,s d.splay , 
Z of the scanned image corresponding to the acceleration or deceleration f 
Te^ ;,4 wiil be displayed «o, example, by printing or on a compute, monito , 

resuming that the digHal data collected from these regie collected w e 

1 r iLaa moving at the substan«a„y constant spaed. However, becau 
r gital data collected from theae regions Is actually collected over a sma er 
area than assumed, some distortion In ,h, displayed image on the surface of 

14 will result. These distortions appear as artifacts in ^'^^ 
«.e image on the surface of media 14. These artifacts ta.e the form of 
lontLles (such as a white line or double image in a contone held, or an 
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offset in a text character) in the displayed image. 

Shown in Figure 2 is an enlarged vi w of the embodiment of the scanning 
mechanism 25. Scan head 24 is mounted on first guide 100 and second guide 
102 to permit movement of scan head 24 along first guide 100 and second 
guide 102 below transparent surface 22. First guide 100 and second guide 102 
are substantially parallel. Endless belt 104 is coupled to scan head 24 by, for 
example, attachment to scan head 24. Endless belt 104 includes teeth and .s 
formed from a flexible but substantially inelastic material, such as woven 
polyester fibers. Endless belt 104 loops around drive gear 106 and toothed 
pulley 1 08. The teeth on endless belt 1 04 mesh with the teeth of drive gear 
1 06 Motor 1 1 0 is coupled to drive gear 1 06. Motor 1 1 0 is a stepper motor to 
permit highly accurate positioning of scan head 24. Control of the rotational 
position of motor 1 10 is performed by scanner controller 16. 

Scan head 24 is moved by rotating motor 110. Rotation of motor 110 
causes rotation of drive gear 106 thereby pulling endless belt 104 around 
toothed pulley 108. Movement of endless belt 104 in turn pulls scan head 24 
along first guide 100 and second guide 102. Motor 110 includes the capability 
to rotate clockwise and counterclockwise. Accordingly, scan head 24 may be 
moved either toward the left end of first guide 100 and second guide 102 or 
toward the right end of first guide 100 and second guide 102. Motor 1 10 and 
the gear reduction achieved through drive gear 106, and the gear on motor 110 
with which it meshes, is sufficient to allow the positioning of scan head 24 w.th 
a step increment on the order of the pixel resolution of scanner 10. When 
scanning of media 14 is performed without stopping media 14 before 
completion of the scan, scan head 24 will remain stationary at substantially the 
midpoint of its possible range of travel between the ends of first guide 100 and 
second guide 102 as media 14 is moved across transparent surface 22 during 
scanning. 

Shown in Figure 3 A is a graph representative of the speed of media 14 as .t 
undergoes deceleration and acceleration. It should be recognized that the 
principles disclosed in this specification may be applied to scanning devices that 
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.ave r«es o, acce,e,a«o„ and deo=,.,a«on o,h,, *an those d,.o,csad ,„ F«,u e 

3A. Addmona«v, « should be reco,niz.d .ha, .he acceleration expenenced bv 

„«,ia 14 and ,he dacele,e,,on experienced by media ,4 may be d,«»en,. 

furthermore, aithough Figure 3A depicts constan. deca,era«on and constant 

acceleration, it shouid be recognized that the principles disCosad ,n th» 

specmcatlon are applicable to media t4 undargoin. time varying 

and time varying deceleration. Rrs, segment 1 , 2 corresponds ,0 

ana iime va y y ^ r^i mpdia 14 bv the embodiment of 

media 1 4 at the substantially constan, speed of media 1 4 by t 

the moving mechanism 23 prior to deceleration. Second segment 114 

CO rTsp n s to deceleration o, media 14 ,rom the substantially constant spea^ 

o Za 14 to a stop. Third segment 1 1 6 corresponds the ,ln,a during wh,c 

madia 14 is stopped. Pourth segment 118 corresponds to the - 

media 14 from a stop to the substantially constant scanning speed o, med 4. 

Fifth segment 120 corresponds to movament o1 madia 14 at the substantially 

constant scanning speed of media 1 4. traveled 
The area beneath second segment 1 1 4 corresponds to the "'^"'^'""^ 
by media 14 during deceleration from the substantially constant speed to a «op 

7e t e °' "^^ TZZL 

corresponds to the distance traveled by media 14 during -.erahon^'- 

a stop to the substantially constant speed .I.e., the accelara«on distance o, 

■^towl' in Figure SB is a graph representative o, the speed o. scan head 24 
land therefore the speed of contact Image sensor 281 as it "^'^^ 
deceleration and acceleration. K should be recognized that the pr, c les 
alsclosed m this specmcatlon may be applied ,0 scanning devices ,ha, have 
rraccelera,lon and deceleration o,her than those disclosed in F.gure 3B. 

: lonally. It Should be recognized that the ^-^-^y-^-^-^Z^ 
head 24 and *e deceleration expenenced by scan head 24 may be diffe e • 
"rirmore, although Figure 3B depicts constant deceleration and cons»h. 
a Iratlon, h should be recognized that scan head 24 may und.go ime 
varying acceleration and time varying deceleration. First segment 122 
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corresponds to movement of scan head 24 by the embodiment of scanning 
„,echanism 25 at the substantially constant speed of scan head 24 pr.or to 
deceleration. Second segment 1 24 corresponds to deceleration of scan head 24 
f .om the substantially constant speed of scan head 24 to a stop. Th.rd segment 
1 26 corresponds the time during which scan head 24 is stopped. Fourth 
segment 1 28 corresponds to the acceleration of scan head 24 from stopped to 
the substantially constant speed of scan head 24. Fifth segment 1 30 
corresponds to movement of scan head 24 at the substantially constant speed 
of scan head 24. 

The area beneath second segment 124 corresponds tc the distance traveled 
hv scan head 24 land therefore contact image sensor 28, during deoeleraticn 
L the substantially constant speed to a stop (i.e., the deoeieration d,s,ance o. 
scan head 24). The are. beneath fourth segment 128 corresponds to the 
distance traveled by scan head 24 during acceieration from a stop to the 
substantially constant speed (i.e., the accela,a«on distance of scan head 24). 

Shown in Figures 4AW1C are diagrams illustrating the movement of an 
arbitrary point A on media 1 4 ,»ith scan head 24 staying In a fixed ,oe.,on over 
severe, intervals of time,. In Figures 4A-4C, media ,4 moves from r,g t to e^^, 
the direction media 14 moves through scanner 10 dunng scanning. A, t™a tO, 
scanner controller 1 6 sends a command to stop the movement of med,e 
cross transparent surface 22. At time t1 , media 14 has stopped its mo,.ma nt 
acmss transparent surface 22. Ouring this time peHed, point A moves from MO 
,„ Atl The time interval between tO and t1 corresponds to the .,me require 
deceleration of madia 14from the subst.n«aily constant — 'J^" 
stop The distance traveled by point A duHng the time interval from ,0 to t .s 
rpLent^ve o, the deceleration distance o, media 14. A, soma erh,.rary.,me 
1, t2 latter space as been created In *e memory in scanner control e, 16,, 
pit A begins to accelerate from a stop .from the position A,1,. At tirne .3, 
point A has accelerated to substantleliy eouel the substantially cons a„^ 
scanning speed of media 14. During the time period Irom ™ 
point A moves from Atl ,0 At3. The distance traveled by pent A dunng 
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«™ period from t 2 to .3 i, ropre,e„»tivo o, tho acceleration distance o, nnedla 

Shown in Roure 6 1, a hloh level «ow dla.ra. 0. a ,lrs. method ,or ueln. the 
hardware shown in B«ure , and Rgure 2 to reduce the artifacts a„s,n, from 
rppin« and starting of media U durin, a scan, in a firs, step 200 scan 
oliier ie aotoate, movin, mechanism 23 to stop - ^ 'J "" 

and motor 18. As previously mentioned, the scanning of media ,4 may b 
pepped because apace needs to be created in the memory ,n scanner controller 
Ta bTa^dlno its contents through interface 32 to computer 34. Next in step 
202, after media 14 stops movin,. scanner controller 16 actuates ^^nn n, 
mechanism 25 ,0 move scan head 24 ,.nd thereby contact "'^ '^^ 
along firs, guide 100 and second guide 102 in the directron media 14 moves 

r gh ac nner 10 during scanning. Scan head 24 is moved by scanning 
mechanism 25 a distance substantially eguei to the sum --^J^^Z:^^ 
distance of madia 14 and the acceleration distance of media 14. The distances 
"led for media ,4 .0 go from moving attha substan«.liy constant spe»no 
, Lp and fo, media 14 to go from a stop to the subs,an«a,h, — 
irs ored m scanner controller 16. if the vaHabllity o, these distances betw«n 
a ners is reia.iveiy large, a calibration associated wKh each scanner cou^ be 
performed .0 measure values of the aocelera«on distance and the decelera^^^ 
dlnce Of media 14. ,f the va.ahi,ity of these distances between scanners ,s 
relatively smali, an average value of the acceleretion distance and the 
deceleration distance could be used. 

,„ step 204, scanner controller 16 actuates moving mechan,sm 23 to begin 
movement of media 14 from a stop to the substantially constant scanning 
Tpeed. Media 14 reaches the substen«a,ly constant spaed after mov,ng the 

,eg,ns ring output voltages generated by contact image sensor 28 

measuring th, light rejected from th ace of media 1 

26 has been previously illuminated by scanner controller 161. As med^a 4 
In" as to move over scan head 24 aner traveling the accelera«on distance of 
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„ed,a 14. *. .ectlon o. media 14 .hat passed over s.an head 24 dunng 

n Jin o. h»dia ,4 ,o reachino a stop, a.a,n passes ova, scan head 

r ;le n-ade dunn. .he _n. o, .his sec«on o, med,a U 

„ head 24 a. the subs,an.,a«y constan. speed ed .0 replace «,oae 

over scan head 24 a.. ^^^^ ^^^^^^^.^^ 

..e vCtages output fro. scan head 24 w.en scanner contrCer 1 6 actuates 
.ov,no .echan- 23 to stop t.e rotation of gear tra.n and .otor 8 o the 

m.nts made during deceleration need not be replaced. Media 14 
measurements maae auru y scanning of media 

• ^ «t thf> substantially constant speed until the scanning « 

passes over scan head 24 during deceleration. 

,n general, the repeatability with which scan head 24 can P 

..hanism 25 is substantially greater than the repeatability of 
scanning mechanism 25 Accordingly, it will, in 

iA nVma moving mechanism 23. Accorainaiy. 
positioning media 14 using mov g reduction of artifacts that 

Analternaxiv head 24 in one position and moving media 

implemented includes keeping scan head 24 P 3,,,,„3t-,^e. 

„««-.t<. that it moves during scanning. In this alternaiiv 
1 4 in a direction opposite that it mov , to move media 1 4 a 

scanner controller 16 would actuate moving mechanism ^3 - 

accelerano Then scanner con.roller 16 .«ua.e5 Raving 

moves dunng soannmg. Then, sea 

mecnanlsnn 23 .. move ..d.a '7°;,,^^ „ ,he 

voltages generated by contact image sensor 28. 
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The .,rs. methC .or «.uCn, »««ac,s shown In Bgure 6 is wo« suited .o, . 
scnnlng devloe, such es scanner 10, .or which .her. Is su..icien. length on 
1,3 14 ,a. anv instant. In the direction o, n,oven,en. o. .edia , 4 through 
scanner 1 0 during scanning) available .or scanning by scan head 24 For 
Tnt^e, ,n scanner ,0 during scanning, e suHICently large length c. media 4 
Tonrct transparent surtace 22 so tha, scan heed 24 can trave. .ar enough to 
us Te n».-d Shown in .Igure 5 to reduce arti.acs resulting .ron, *e , opping 
and starting o. media 14. However, there are scanning devices ,n which the 
path followed by the media as i, moves through the scanning device dunng 
Tnl presents only a reiatlvely smai, length o. media 14 .or scanning at any 
Infant 'or this type o. scanning device, the method shown in Hgure 5 may 
net work well i. multiple stops and starts are reouired during =— 

„,edia 14 may be reduced, involves scanning with scan head 24 while it ,s 
Tvl . Because scan head 24 Is returned to Its starting po,«ion a«er mo.n 

media 14 this method can work with relatively short lengths o. media 
to scan media 14, met Additionally, because this 

1 4 presented to transparent sur.ece 22 .or scanning , „,d. 

method involves moving scan head 24 .or scanning, allowance must be made 

,or the distance required to accelerate scan heed 24. 

Shown in Figure 6 Is a high level .low diagram o. a -"""^ 

.educing artifacts. Although the second method will be desonbed « the context 

„, using scanner 10, it should be recognized that the second method ,s 

,j ino <;ran head 24 is moved a distance 
first guide 100 and second guide 102. Scan head 
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substantially equal to the sum of the acceleration distance of media 14 and the 
acceleration distance of scan head 24. The acceleration distance of scan head 
24 is the distance necessary for scan head 24 to accelerate from a stop to a 
substantially constant speed (as depicted in Figure 3B). It should be recognized 
that both the substantially constant speed and acceleration distance of scan 
head 24 may be different than for media 14. Furthermore, the acceleration rate 
of scan head 24 may be time varying. The acceleration distance for scan head 
24 the acceleration distance for media 14, and the deceleration distance for 
.^edia 14 are stored in scanner controller 16. H the variability of these distances 
between scanners is relatively large, a calibration associated with each scanner 
could be performed to measure values of these distances. If the variability of 
these distances between scanners is relatively small, average values of these 

distances may be used. 

In step 304, scanner controller 16 actuates scanning mechanism 25 to begin 
movement of scan head 24 from a stop to the substantially constant speed of 
scan head 24 in the direction of movement of media 14 through scanner 10. 
Scan head 24 reaches its substantially constant speed after moving the 
acceleration distance of scan head 24. Then, in step 306. scanner controller 16 
begins measuring the output voltages generated by contact image sensor 28 
from the light reflected from media 14 {illumination device 26 was previously 
illuminated by scanner controller 16). As scan head 24 continues to move 
under media 14 after traveling the acceleration distance of scan head 24, .t 
passes under the section of media 14 (having a length equal to the acceleration 
distance of media 14) that will pass over scan head 24 when med.a 14 .s 
accelerated from stopped to the substantially constant speed. Then, scan head 
24 moves under the section of media 14 (having a length equal to the 
deceleration distance of media 14) that passed over scan head 24 dur.ng 
deceleration of media 14 prior to reaching a stop. 

Next, in step 308. after scan head 24 is moved past the sections of med.a 
14 corresponding to the acceleration and deceleration distances of med.a 14 
scanner controller 16 actuates scanning mechanism 25 to stop movement of 
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scan head 24. The digital data generated by scanner controller 16 from the 
output voltages of contact image sensor 28 is associated with those sections of 
media 14 that undergo acceleration and deceleration while passing contact 
image sensor 28. The digital data corresponding to the deceleration section of 
media 14 is used to replace that collected during deceleration of media 14. The 
digital data corresponding to the acceleration section of media 14 is used ,n 
place of what would have been collected during acceleration of media 14. 
Then in step 310, scanner controller 16 actuates scanning mechanism 25 to 
move scan head 24 in a direction opposite to the direction media 14 moves 
through scanner 10 back to the initial position. In moving back to the .n.t.al 
position, scan head 24 moves a distance substantially equal to the sum of the 
deceleration distance of scan head 24 and the deceleration distance of med.a 
14 By moving scan head 24 back to the initial position, scanner 10 is prepared 
to repeat the second method of reducing artifacts if media 14 is stopped again 
before completion of scanning. Next, in step 312, scanner controller 16 
actuates moving mechanism 23 to begin movement of media 14. Then, in step 
314 after media 14 has moved the acceleration distance, scanner controller 16 
begins measuring the voltages output by contact image sensor 28 that are 
generated by the light reflected from media 14 until the scanning of med.a 14 is 
complete. 

,n an alternative to the second method of reducing artifacts, scanner 
controller 16 actuates scanning mechanism 25 to move scan head 24 from the 
initial position in the direction media 1 4 moves through scanner 1 0 during 

distance substantially equal to the sum of the deceleration distance of med.a 14 
and the acceleration distance of scan head 24. Then scanner controller 16 
actuates scanning mechanism 25 to move scan head 24 under media 14 ,n a 
direction opposite the direction media 14 moves during scanning. Scan head 
is moved for a distance substantially equal to the sum of the deceleration 
distance of media 14 and the acceleration distance of media 14 at the 
substantially constant speed of scan head 24 to generate digital data for the 
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;L.o s.opp,n„, and d.,n, acca,a,e.,on, a«e, s.a„.,. ' ^^^^^^ 

L„e™.ed from .he movamen. o. scan haad 24 under mad,. 14 ,ap.aca *a, 

Z d dur-,„, ... daca,er..,oo o, mad.a ,4 and . usad ,or wha. wou,d ha a 
IT^^eCad du,™ .ha acca,e,a«on o, media .4. Scan head 24 ,s s,op^ 
r«ar passing unde, .ha sac«on o, madia ,4 ,ha, «i» be acca,e,e.ad pas. can 
2^»hen movaman. o, madia ,4 is ,as,a„ed. Than, scenna, con,ro«« 
TsL movina mechanism 25 .o move scan haad 24, in .he direccn mad,a 
1 4 moves during scanning, to the nominal position. 

: l.h severai emhcdiman.s o, .he ,nvan.icn have heen 
.... ,o,m! descihed, i. is .aad.i, apparan. .c .hcaa o. cdina. a.. ,n .he a« 
... various modi«oa.ions may be made .o .has, embodimen.s w,«,eu. 
d,par.in, ,rom .he spiri. c, .he inven,>on or .rem .he scope c, ,he appended 
claims. 
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